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First high-contrast 

coronagraph in space;

starshade 

accommodation under 

study
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❖ Lynx (X-ray surveyor)
Including 

coronagraphy

and starshade options

for exoplanet direct imaging



Exoplanet Exploration Program

ExEP Technology Plan Appendix and Technology Gap Lists

https://exoplanets.nasa.gov/exep/technology

Starshade Gaps
Coronagraph Gaps

Most recent Appendix revision, January 2017

• Updated Annually via ExEP’s Technology Selection and Prioritization Process

https://exoplanets.nasa.gov/exep/technology
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Click to edit Master title styleStarshade Technology Needs
Starlight Suppression

S-2: Starlight 

Suppression and 

Model Validation

S-1: Controlling Scattered 

Sunlight

S-5: Petal Positioning Accuracy and Opaque Structure

S-4: Petal Shape

And Stability

Formation Sensing 

and Control 

Deployment Accuracy and 

Shape Stability

S-3: Lateral Formation

Sensing

4



Exoplanet Exploration Program

Gap S-1: Controlling Scattered Sunlight

• Exo-S study: Key 

parameters for 

Starshade edges:

1. Edges must maintain 

< 20 mm rms in-

plane profile

2. product of edge 

radius-of-curvature 

and reflectivity must 

be < 10 mm - %
• Note: this spec is starshade 

size-independent, i.e. relevant 

for a WFIRST rendezvous-type 

mission and a HabEx or 

LUVOIR starshade
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(Casement TDEM-12 final report Fig 1-1)

(ExEP Tech Plan Appendix Table 4)

https://exoplanets.nasa.gov/stdt/Exo-S_Starshade_Probe_Class_Final_Report_150312_URS250118.pdf
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Past Investments in Scattered Light Control

• Exo-S study

– Optical models, including diffraction

• Competed NASA SAT/TDEM award:

Casement TDEM-2012

– Metal edge material with low-reflectivity 

coatings meets RoC-reflectivity reqt.,

robust to environmental tests

• JPL internal funding

– Chemical-etched amorphous metal 

coupons meets RoC-reflectivity

requirement, internal stress re-

distribution issues remain

– Stealth edge concept (requires 3-axis 

stabilized spacecraft)
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(Casement TDEM-12 final report Fig 1-3)

https://exoplanets.nasa.gov/system/internal_resources/details/original/221_TDEM_EdgeScatter_FinalReport.pdf


Exoplanet Exploration Program

Starshade Readiness Working Group (SSWG)

• SSWG’s briefing to NASA Astrophysics Division Director in 

November 2016 stated that overall, a ground validation approach 

to a starshade mission is sufficient

– The mitigation of scattered Sun light off the petal edges can be 

demonstrated through extensive lab scatter testing of small and full-

scale samples

• SSWG recommended a definition for TRL-5 for all Starshade 

technology needs.

For Scattered Sunlight Control:
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(Deployment, 

thermal cycles

Temperature, 

humidity

Stowed strain)
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Current / Future Investments

• Phase II SBIR 2016: Tendeg, LLC “Robust Optical Edge for 

a Starshade Petal”

• Starshade Technology Development Activity

• Ongoing work at JPL:

– New etch process to mitigate deformation, allowing 

manufacturing of longer edge samples 

– Evaluation of dust sensitivity 

• Note: because of the creation of the Starshade Technology 

Development Activity, SAT/TDEM proposals for starshade 

currently not accepted
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Going forward: how ExEP can help

• Ensure starshade technology development is appropriately 

prioritized through ExEP’s annual Technology Selection 

and Prioritization Process

• Support development of the Starshade Technology 

Development plan

• Support ongoing mission concepts that could potentially 

include a Starshade component:

– WFIRST Starshade accommodation

– Starshade Probe Study

– HabEx and LUVOIR Decadal Survey Flagship studies
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